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Abstract. Poly(a-n-butyl-b-L-aspartate) (PANBLA) is
nylon-3 derivative in which an alcoxycarbonyl group has
been stereoregularly attached to b-carbon of the repeating
unit. Like poly(a-isobutyl-b-L-aspartate) (PAIBLA) exists
in two helical forms, namely hexagonal form (13/4 helix)
and tetragonal form (4/1 helix), were characterized by X-
ray diffraction. The hexagonal form appears to be poorly
crystalline and it could not be obtained well oriented. On
the other hand tetragonal form turns to be highly
crystalline. Both molecular mechanics calculations and
the linked-atom least square (LALS) methodology using
X-ray diffraction data have revealed that an antiparallel
packing of 13/4 helices with a right handed (2R) scheme
of hydrogen bonds is most favourable for hexagonal form
of PANBLA. Regarding tetragonal form the above
techniques favour a parald arrangement of 4/1 helices
according to right handed 4R mode!. IR dichroism studies
also support the above results. Although the vibrational
dynamics of both forms of PAIBLA has been studied, no
such study has been performed for PANBLA. In the
present communication the vibrational dynamics of
PANBLA in tetragonal form (4/1 helix) has been studied
through the dispersion of normal modes. The effect of
side chain nature on the dynamical behaviour has also
been analyzed. Apart from detailed assignments of modes,
various characteristic features of dispersion curves have
been explained as arising due to internal symmetry in
energy momentum space. Finally, the density of states
has been used to calculate heat capacity of this polymer.

Key words: poly(a-n-butyl b-L-aspartate), density of
states, phonon dispersion, heat capacity

1. Introduction

Polyamides have an amide group and varying
number of carbon atoms in their chemical repeat unit.

These polymers like polypeptides have a tendency to go
into helical conformation and get stabilized by hydrogen
bonding scheme [1]. Polyamides with three carbon atoms
present in their repeat unit are called nylon-3 derivatives.
Poly (b-L-aspartates) family, which is a derivative of nylon-3,
has been systematically investigated by Fernandez-Santin
et al. [2].

Poly(a-alkyl-b-L-aspartate)s are nylon-3 derivatives
inwhich an alkoxycarbonyl group has been stereoregularly
attached to the b-carbon of the repeating unit. A number
of new polyamides with structure and properties
intermediate between nylons and polypeptides can be
generated by different modifications. These poly(b-
amides) can adopt a-helix type conformation, which is
generally characteristic of polypeptides and proteins [3-
5]. The additional methylene unit in the backbone chain
offers greater freedom to the conformational angle and
allows different helical conformations. Maost of the nylon-3
derivativeslike poly (a-isobutyl-b-L-aspartate) (PAIBLA)
[2] and poly(a-n-butyl-b-L-aspartate) (PANBLA) [6] show
two types of helical structures (13/4 and 4/1 helices)
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Fig. 1. One chemical repeat unit of PANBLA
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whereas conventional polypeptides are generally present
only in the a-helical structure. Polyamides related to
nylon-3 have attracted interest as they yield fibres with
properties close to the natural silk [7].

PANBLA (Fig. 1) isann-butyl derivative of poly(b-
asparticacid) ester. Like PAIBLA two hdical forms, namely
hexagonal form (13/4 helix) and tetragonal form (4/1helix)
bearing a structural resemblanceto the polypeptidea-hdlix,
were characterized by X-ray diffraction [6]. Preparation
conditions determine the structural forms [8]. The
hexagonal form appears to be poorly crystalline and it
could not be obtained well oriented. On the other hand
tetragonal form turns out to be highly crystalline[6]. Both
mol ecular mechanics cal cul ations and the linked-atom least
square (LALS) methodology using X-ray diffraction data
[9] have revealed that an anti-parallel packing of 13/4
helices with a right handed (2R) scheme of hydrogen
bondsis most favourable for hexagonal formof PANBLA.
Regarding the tetragonal form, the above techniques favour
a parallel arrangement of 4/1 helices according to right
handed 4R model [6]. IR dichroism studies also support
the above results[10]. Therelative stabilities of two forms
are mainly determined by Vander Waals and electrostatic
interactions. The contribution of Vander Waals term is
clearly in favour of the tetragonal form in PANBLA
wheresas the reverse is observed to occur in PAIBLA [9].

Though the two forms of PANBLA are basically
identical to those reported for PAIBLA, the crystal transition
from hexagonal to tetragonal by hegting is not observed in
caseof PANBLA. However, likein PAIBLA, conversioncan
be induced by alcoholsin PANBLA aswell. Both hexagona
and tetragonal forms show helix cail transition similar to that
found in helical polypeptides and PAIBLA [2].
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2. Experimental

Vibrational spectroscopy is one of the most used
methods to study the polymers. It can be used to determine
crystallinity, conformation, intra and intermolecular
hydrogen bonding, fold structure of polymers,
composition and sequence distribution in copolymers.
Normal mode analysis has been performed for both
tetragonal and hexagonal forms of PAIBLA to understand
the dynamical behaviour [11-12]. However, no such work
has been done for PANBLA. In the present work we report
adetailed vibrational dynamics of PANBLA in tetragonal
form. We have used the FT-IR spectra (Fig.2) recorded
by us for assignment of different modes. Various features
of dispersion curves such as repulsions, exchange of
character, etc. are discussed in terms of symmetry
considerations. Further the frequency distribution function
obtained from dispersion curves may be used to correlate
the microscopic behaviour with macroscopic properties.
Heat capacity has been calculated in the range 50-500 K
via density-of-states.

2.1. Calculation of Normal Mode
Frequencies
Normal mode calculation for an isolated polymeric
chain was carried out using Wilson's GF matrix [13]
method as modified by Higgs[14] for an infinite polymeric
chain. The vibrational secular equation to be solved is:
GA)F)- 1 (@)I|=0 oedep (1)

where disthephase difference between themodes of adjacent
chemicd units, G(d) isthe inverse kinetic energy matrix and

Fig. 2. FT-IR spectra of PANBLA (4000450 cm™)
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F(d) is the force fidld matrix for a certain phase value. The
frequencies n in c* are related to eigen values by

|.(d)=4p%cn?d) )

A plot of n(d) versus d gives the dispersion curve
for the i mode. The use of the type of force field is
generally a matter of one's chemical experience and
intuition [15]. In the present work we used the Urey-
Bradley force field (UBFF), as it is more comprehensive
than the valence force field. In the UBFF (1) relatively
fewer parameters are required to express the potential
energy, (2) no quadratic terms cross terms are included,
the interaction between non-bonded atoms in gem and
tetra-configuration can beincuded and (3) thearbitrariness
in choosing the force constant is reduced.

2.2. Calculation of Heat Capacity

Dispersion curves can be used to calculate the
specific heat of apolymeric system. For a one-dimensional
system, the density-of-states function or the frequency
distribution function expresses the way energy is
distributed among various branches of normal modes in
the crystal and is calculated from the relation:

1
&ln; o

gh)=a K
. ﬂd q‘i(d)m'

J

3)

The sumis taken over all the dispersion branches
j. Considering a solid as an assembly of harmonic
oscillators, the frequency distribution g(n) is equivalent
to a partition function. The constant volume heat capacity
can be calculated using Debey’s relation:

exp(hn ; /KT)
(exp(hn, /KT) - 1)

C, =8 90 KN, (M, /KT)*

with ¢g(;)dn; =1 (4)

The Fourier transform infrared (FT-IR) spectra
(Fig. 2) of PANBLA has been recorded on Perkin-Elmer
1800 spectrometer in the range 4000450 cnt?. The
sample was prepared by mixing it in Csl and pressing in
the form of a pellet. Before recording the spectra, the
equipment was purged with dry nitrogen.

3. Results and Discussion

One residue unit of PANBLA (Fig.1) contains 25
atoms, which give rise to 75 dispersion curves. Initially
the force constants were transferred from PAIBLA [11]
(tetragonal form) and systems having similar environment
and then refined to give the “ best” fit to the FT-IR spectra
(see Fig. 2). The assignments were made on the basis of

potential energy distribution (PED), band profile, band
intensities, and the presence/absence of similar groups in
an identical environment. The final force constants are
given in Table 1.The vibrational frequencies have been
calculated for the values of d ranging from O to p in steps
of 0.05p. The optically active modes correspond to those
at d=0, d=¢ (helix angle) and 2¢, where ¢ isthe angle of
rotation around the helix axiswhich separates the adjacent
units. The modes corresponding to d = 0 and ¢ are both
Raman and IR active while modes belonging tod = 2¢ are
only Raman active. In tetragonal form (4/1helix), there
are four residue units per turn with helix angle equal to
0.50p. Although the spectrum is not available below
450 cm?, calculations are expected to be correct for more
than one reason. First, they occur in the same range, as
these modes in other systems do [11-12]. Second, since
the force constants which are involved in low frequency
region are also involved in the higher frequency region
wherein they yield “ good” frequencies, the resultsin this
freguency region should also have a reasonably close
predictive value. A check can be provided by spectral
observations in the far IR region.

The modes above 900cnT are either non-dispersive
or show very little dispersion so they are not shown. The
dispersion curves below this region are shown in Figs.
3a, 4a and 5a, and corresponding density-of-states are
plotted in Figs. 3b, 4b and 5b. The dispersion curves
shown in Fig 5a have four zero frequencies, two at d = 0,
corresponding to translational mode along chain axis and
rotational mode along helix axis, the other two degenerate
zeromodes at d = 0.50p (helix angle) belong to translations
perpendicular tothe helix axis. For convenience, the modes
are discussed under three separate heads, viz. backbone
modes, side chain modes and mixed modes, which are
shown in Tables 2, 3 and 4 respectively.

3.1. Backbone Modes

The vibrational modesinvolving the motion of main
chain atoms (-CO-NH-C_-C -) are termed as backbone
modes. The PEDs of these modes along with their
assignments at d = 0 and 0.5p are givenin Table 2. These
modes are mostly amide modes.

3.2. Amide Modes

The amide groups of polypeptides are strongly
chromatophoric in IR-absorption and give rise to strong
characteristic bands (amide A, 1-VI11). These modes along
with the other characteristic modes have been used for
the determining conformation of proteins and polypeptides.

The amide A band, due to N—H stretching vibration
is calculated at 3287 cn* and assigned to the observed
peak [10] at the same value. It is highly sensitive to the
strength of N-H...O=C hydrogen bond. This bond plays
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crucial role in determining structure and properties of a
great variety of compounds like peptides, proteins and
synthetic polyamides. The amide | mode, which is
predominately dueto C=0 and C=N stretches, iscalculated
at 1643 cm? (at d = 0) and assigned to the observed
absorption peak at 1644 cn'. The amide 11 mode (N-H
in plane bend and C=N stretch) has been calculated at
1548 cm?, which corresponds to the observed peak at
1550 cm?®. These all modes (amide A, I, Il) are
nondispersive in the energy momentum space. The amide
[l mode calculated at 1272 cm* at the zone center is
assigned to the observed peak at 1278 cm®. This mode
disperses with progressive d value and at the helix angle
it reaches 1265 cm* showing dispersion by 7 cm™. This
mode is affected by the nature of sidechain. Asdincreases,
the contribution of ¢(H—Ca—Cy) increases, showing
coupling of the side chain.

The observed peak at 669 cnt* matches well with
the calculated frequency at 668 cn* having contributions
of N-H out-of-plane and C=0 in plane bending (amide V
+ V). The calculated frequency at 549 cm® (d = 0) is
assigned to the observed peak at the same value. This
mode has dominant contribution of C=0 out of plane
bending (amide VI). Amide IV, V, VI are mixed with side
chain modes and due to eectrical as well as mechanical
coupling between backbone and side chains, they have
dispersive nature.

We have compared the amide modes of PANBLA
with other w helical conformations such as PAIBLA [11],
poly(Ne-p-bromobenzyl-L-ornithine) (PBrBO) [16], poly
(L-phenylalanine) (PLPA) [17] asshownin Table 5. Some
differencesin lower range may be due to mixing of amide
modesinthis region. A comparison between various amide
modes of PANBLA (4/1 helix) with 4/1 and 13/4 helices
of PAIBLA isalso givenin Table6.

Table 1
Internal coordinates and force constants for PANBLA (mydne/ A)

Internal coordinates Force congtants Internal coordinates Force constants
v (C=N) 5.68 ¢ (Co-Cy=0y) 0.36 (0.600)
v (C=0) 6.61 ¢ (Ca-Cy-09) 0.33 (0.500)
v (N-H) 5.272 ¢ (Oy=Cy-03) 0.15 (0.800)
v (N-Cu) 3.85 ¢ (Cy-05-Cg) 0.26 (0.450)
v (Co-H) 4.246 ¢ (05-Ce-Cn) 0.33 (0.500)
v (Ca-CB) 2.70 ¢ (05-Ce-H) 0.46 (0.250)
v (Co-Cy) 245 ¢ (H-Ce-H) 0.426 (0.250)
v (CB-H) 4.24 ¢ (H-Ce-Cn) 0.510 (0.180)
v (CB-C) 2.45 ¢ (Ce-Cn-Ct) 0.510 (0.180)
v (Cy-Od) 3.55 ¢ (Ce-Cn-H) 0.520 (0.220)
v (Cy=0y) 1.095 ¢ (H-Cn-H) 0.418 (0.241)
v (03-Ce) 3.50 ¢ (H-Cn-C¢) 0.485 (0.180)
v (Ce-H) 4.20 ¢ (Cn-C¢-Cy) 0.51 (0.180)
v (Ce-Cn) 3.10 ¢ (Cn-CEt-H) 0.485 (0.220)
v (Cn-C) 2.75 ¢ (H-CE-H) 0.420 (0.237)
v (Cn-H) 4.218 ¢ (H-CE-Cy) 0.560 (0.180)
v (Ce-Cy) 2.95 ¢ (CE-Cy-H) 0.465 (0.170)
v (CE-H) 4.22 ¢ (H-Cy-H) 0.423 (0.242)
v (Cy-H) 4.365 ¢ (Cp-C=0) 0.236 (0.600)
¢ (O=C=N) 0.55 (0.900) ¢ (CB-C=N) 0.210 (0.600)

¢ (C=N-Ca) 0.53 (0.350) ®(C=0) 0.410
¢ (C=N-H) 0.442 (0.650) o (N-H) 0.10
¢ (H-N-Ca) 0.222 (0.600) o (Cy=0y) 0.323
¢ (N-Co-CB) 0.13 (0.500) 7 (N-Co) 0.020
¢ (N-Co-Cy) 0.40 (0.500) 7 (Ca-Cy) 0.050
¢ (N-Ca-H) 0.288 (0.800) 1 (Cy-03) 0.060
¢ (H-Co-CB) 0.42 (0.200) 1 (08-Cg) 0.0285
¢ (H-Ca-Cy) 0.52 (0.200) 1 (Ce-Cn) 0.028
¢ (Cy-Co-CB) 0.52 (0.180) 7 (Cn-C¥) 0.030
¢ (Ca-CB-C) 0.55 (0.180) T (CE-Cy) 0.012
¢ (Ca-CB-H) 0.36 (0.200) 1 (Ca-CB) 0.010
¢ (H-CB-C) 0.38 (0.200) 1 (CB-C) 0.023
¢ (H-Cp-H) 0.45 (0.200) 7 (C=N) 0.058

Note: v, ¢, w and 7 denote stretch, angle bend, wag and torsion, respectively. Non-bonded force constants are given in

parentheses.
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Table 3
Side chain modesin PANBLA

Cal.| Obs. Assignment Assignment
freq.| freg. (d= 0) PED (%) Cal. freq, Obs. freq (d = 0.50p) PED (%)
2963] 2967 |v[Cy-H](100) 2964 | 2967 |v[Cy-H](100)
2923| 2923 |v[Cy-H](100) 2923 2923 | v[Cy-H](100)
2923| 2923 |v[Cy-H](100) 2923 2923 | v[Cy-H](100)
2899 -- | v[Ce-H](59)+ v[Cn-H](33)+ v[ CE-H](8) 2899 - v[Ce-H](59)+ v[Cn-H] (33)+ v[CE-H](8)
2895 v[CE-H](46)+v[ Ce-H](34)+v[Cn-H] (19) 2894 V[CE-H] (47)+ v[Ce-H] (34)+ v[Cn-H](19)
2889 -- | v[Cn-H](47)+v[CE-H] (45)+v[Ce-H](7) 2889 - v[Cn-H](47)+ v[CE-H](45)+ v[Ce-H](7)
2868| 2864 |v[CE-H](50)+v[Cn-H](43)+v[Ce-H](8) 2868 2864 | v[CE-H](49)+ v[Cn-H](43)+ v[Ce-H](8)
2867| 2864 |v[Ce-H](44)+v[CE-H](39)+v[Cn-H](16) 2867 2864 | v[Ce-H](44)+ v[CE-H](39)+ v[Cn-H](16)
2865| 2864 |v[Ce-H](48)+v[Cn-H](4D)+v[CE-H](11) 2865 2864 |v[Ce-H](48)+ v[Cn-H](4D)+ v[CE-H](11)
1750 1750 |v[Cy=0y](85)+v[Cy-O5](6) 1750 1750 | v[Cy=0Oy](85)+ v[Cy-O5](6)
1475| 1468 | ¢[H-C&-H](34)+¢[H-Cn-H](17)+o[H-Ce-H] (14) 1475 1468 | [H-C&-H](34)+9[H-Cn-H](17)+¢[H-Ce-
+o[H-Cy-H] (13)+o[H-CE-Cy] (7) H] (14)+¢[H-Cy-H] (13)+¢[H-CE-Cy] (7)
1469| 1468 | ¢[H-Ce-H](46)+¢[H-C&-H] (15)+¢[H-Cyx-H](13) 1469 1468 | p[H-Ce-H](46)+¢[H-CE-H](15)+¢[H-Cx-
+o[H-Ce-Cn](7) H] (13)+¢[H-Ce-Cn](7)
1458| 1468 | o[H-Cx-H1(94) 1458 1468 | [H-Cy-H](94)
1456| 1468 | ¢[H-Cn-H](43)+¢[H-Ce-H](16)+p[H-Cyx-H] (16) 1456 1468 | p[H-Cn-H](43)+¢[H-Ce-H] (16)+¢[H-Cy-
+¢[Ce-Cn-H](11) H] (16)+¢[Ce-Cn-H 1(11)
1450| 1468 | ¢[H-Cx-H](51)+¢[H-C&-H](24)+¢[H-CE- Cx](8) 1450 1468 | p[H-Cy-H](51)+¢[H-C&-H](24)+¢[H-Cé-
+p[H-Cn-H](6) Cx] (8)+¢[H-Cn-H](6)
1416| 1393 | ¢[Cn-C&-H](14)+¢[H-Cn-Cg] (13)+ v[Cn-C&] (10) 1416 1393 | p[Cn-C&-H](14)+¢[H-Cn-CE](13)+ v[Cn-
+p[CE-Cy-H] (10)+¢[H-Cx-H] (10)+ v[CE-Cy (8) CE] (10)+o[ C&-Cy-H] (10)+¢[H-Cy-H] (10)+ V[ C&-
+v[Ce-Cn](6) Gy (8)+ v[Ce-Cn(5)
1396| 1393 | [ CE-Cx-H](32)+¢[H-Cy-H](30)+¢[H-Cn-CE] (6) 1396 1393 | p[CE-Cyx-H](32)+¢[H-Cyx-H](30)+¢[H-Cn-C¢] (6)
+[03-Ce-H](5)
1351| 1347 | ¢[Cn-C&-H](24)+¢[H-CE-Cy](21)+o[H-Ce- 1351 1347 | p[Cn-C&-H](24)+¢[H-CE-Cy] (21)+¢[H-Ce-
Cnl(15)+¢[O5-Ce-H] (15)+ v[ 05-Ce] (6) Cnl(15)+¢[ 05-Ce-H] (15)+ v[03-Ce] (6)
1241| 1248 |@[H-CE-Cy](39)+¢[Cn-Cé-H](22)+¢[Ce-Cn- 1241 | 1248 |¢[H-CE-Cy](39)+¢[Cn-CE-H](22)+¢[Ce-Cr-H]
H](22)+¢[H-Cn-C¢] (6) (22)+9[H-Cn-CE (6)
1208| 1198 | ¢[H-Cn-C&](31)+¢[Ce-Cn-H](20)+¢[ O5-Ce- 1208 1198 |o[H-Cn-C&](31)+¢[Ce-Cn-H ](20)+¢[ O5-Ce-
H](19)+¢[ Cn-C&-H] (11)+¢[H-Ce-Cn] (11) H] (19)+¢[Cn-C&-H] (11)+¢[H-Ce-Cn] (11)
1181 ¢[H-Ce-Cn](37)+¢p[ O5-Ce-H](24)+¢[ Ce-Cn- 1181 ¢[H-Ce-Cn] (37)+9[ O5-Ce-H] (24)+¢[ Ce-Cn-
H] (13)+o[H-CE-Cy] (12)+¢[ Cn-CE-H] (8) H] (13)+¢[H-CE-Cy] (12)+¢[Cn-CE-H](8)
1105| 1108 | v[Cy-05](43)+ v[Ca-Cy] (31)+ v[O3-Ce] (6) 1103 1108 |v[Cy-03](41)+ v[Ce-Cy](28)+ v[ Oo-
Ce] (6)+0[C? -Cy=0y](5)
1028| 1020 |¢[CE-Cx-H1(37)+¢[Cn-CE-H](19)+o[H-Cé- 1028 1020 | [CE-Cy-H](38)+¢[Cn-C&-H](19)+¢[H-CE-
Cx] (13)+¢[ 03-Ce-H] (10)+¢[ Ce-Cn-H] (9) Cx] (13)+9[ 03-Ce-H] (10) +o[ Ce-Cn-H] (9)+¢[H-
Cn-CEl(7)
1011| 1020 |@[C&-Cx-H](44)+ v[Cn-CE](20)+ v[Ce-Cn](10) 1011 1020 | @[CE-Cy-H](44)+ v[Cn-C¢](20)+ v[Ce-
+o[Cn-CE-Cy](7) Cnl(10)+¢[Cn- CE-CxI(9)
983 - v[O3-Ce](62)+ v[Ca-Cc] (16)+¢[ O3-Ce-H](6) 982 - v[O3-Ce](62)+ v[Ca-Cy] (15)+¢[ O3-Ce-H](6)
958 | 960 | v[Ce-Cn](62)+¢[ CE-Cx-H](8)+¢[H-Ce-)+¢[Ce- 958 960 | v[Ce-Cn](62)+p[CE-Cx-H](8)+9[H-Ce-
Cn-HI(5) Cnl(6)+¢[Ce-Cn-H](5)
932 [ O3-Ce-H](30)+o[ CE-Cy-H] (24)+o[H-Ce- 932 ¢[O3-Ce-H] (30)+¢[ CE-Cy-H] (24) +o[ H-Ce-
Cn](20)+¢[H-Cn-CE] (12) Cn](20)+¢[H-Cn-C¢](12)
917 - V[CE-Cy](68)+ v[Cn-CE](12) 917 - V[CE-Cy] (68)+ v[Cn-CE](12)
866 | 876 |¢[CE-Cy-H](22)+ v[Cn-CE](16)+9[H-Cn-CE](9)+ 866 876 | o[CE-Cy-H](22)+ v[Cn-CE] (16)+¢p[H-Cn-
9[ Ce-Cn-H](8)+ v[Co-Cy] (6)+ v[Cy-Od](6) CE (10)+9[Ce-Cn-H 1(8)+ v[Ca-Cy] (6)+ v[Cy-  O3](6)
863 | 876 |¢[Ce-Cn-H](19)+o[H-Cn-CE](18)+¢[CE-Cy- 863 876 | p[Ce-Cn-H](18)+¢[H-Cn-C¢&](18)+¢[CE-Cy-
H] (15)+¢[H-Ce-Cn](9)+ v[Cn-CE](8) H] (15)+¢[H-Ce-Cn] (9)+ v[Cn-C¢] (8)
828 | 830 |¢[Cn-CE-H](31)+o[H-CE-Cy] (22)+¢[ CE-Cyx- 828 830 | ¢[Cn-C&-H](31)+¢[H-CE-Cy] (22)+¢[CE-Cy-
H](21)+¢[H-Cn-C¢g] (6) H] (21)+¢[H-Cn-C&](6)
280 7[CE-Cy] (35)+1[ Ce-Cn] (24)+ 1[Cy-Od] (11)+ 278 7[CE-Cy] (39)+ 1[Ce-Cn](23)+ 7[Cy-00] (7)+
7[Ca-Cy](6) 1 Ca-Cy](7)
225 [ Cn-CE](45)+ 1[03-Ce] (27) 227 1[Cn-CE] (44)+1[O5-Cg] (26)
192 ¢[ Cn-CE-Cy](20)+¢[ Ce-Cn-CE] (15)+(38) +¢[ Cc- 193 ¢[Cn-CE-Cy] (18)+9[ Cy-O5-Ce] (16)+¢[Ce-Cn-
03-Ce] (13)+¢[ Ca-Cy-00] (8) +¢[ O3-Ce-Cn] (6) CE] (7)+¢[ O5-Ce-Cn] (7)+¢[ Oy=Cy-03] (6)
116 1[Ca-Cy] (13)+1[ Cn-C¢] (12)+¢[ Ce-Cn-Cg] (6)+ 117 1[Ca-Cy] (15)+ 1[ Cn-C¢] (14)+1[ O3-Ce] (8)+
7[03-Ce] (6)+¢[ Ca-Cy-O0] (6) [ Cy-O0] (7)+¢[ C-N-Ca] (7)
Note: All frequencies are in wavenumbers (cm).
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Table 4

Mixed modesin PANBLA

Cal. Obs. Assignment Cal. Obs. Assignment

freq. | freq. (d=0) PED (%) freq. | freq. (d =0.50p) PED (%)

1346 | 1347 | [N-Co-H](51)+¢[H-Co-Cy](21)+[N-Co](9) 1347 | 1347 | ¢[N-Co-H](50)+ ¢[H-Co-Cy] (21)+[N-Cc] (9)

1283 | 1278 | ¢[H-Co-CB](15)+[Ca-Cp](10)+¢[H-Cn-C&](10) 1291 | - | ¢[H-Ca-CB](19)+v[Co-Cp](14)+[CB-C](13)+[Cu-
+¢[Ce-Cn-H] (9)+¢[H-Ca-Cy] (8)+¢[Ca-CB- CB-H](10)+¢[H-Ca-Cy] (8)+ ¢[H-CB-C](5)
H](8)+¢[03-Ce-H] (6)

1281 | 1278 | ¢[H-Cn-CE](14)+ o[Ce-Cn-H ] (13)+¢[H-Co- 1282 | 1278 | ¢[H-Cn-CE](26)+¢[Ce-Cn-H ] (24)+¢[ 05-Ce-
CB](10)+¢[O5-Ce-H] (9)+ v[Cu-CB] (8) H] (16)+ ¢[H-Ce-Cn] (13)+¢[H-CE-Cy] (7)+¢[Cn-
+p[H-Ce-Cn] (7) CE-H](6)

1203 | 1198 | ¢[Ca-Cp-H](22)+¢[H-Co-Cy] (17)+¢[H-Cp- 1205 | 1198 | ¢[Ca-CP-H](19)+¢[H-Ca-Cy](16)+¢[H-Cp-
Cl(17)+ g[H-Ca-Cp] (14)+v[N-Cof (L1)+v[ Cp- C](15)+¢[H-Ca-Cp] (14)+v[ CB-C] (10)+v[N-Ce] (10)
Cl(8)

835 | 830 | v[Cy-O5](16)+[Cn-C&|(12)+¢[Ca-Cp-H](12) 834 | 830 | v[Cy-00](17)+v[Cn-C&](12)+¢[Ca-Cp-H](10)
+p[H-CB-C](8)+¢[ CE-Cy-H] (8)+v[ Ca-Cy] (7)+ +v[Ca-Cy] (9)+¢[ C&-Cx-H] (8)+[H-CB-CI(7)
»[C=0](6)+v[03-C¢] (5) +v[ O3-Ceg](5)

803 | 796 | @[Ca-Cp-H](24)+¢[H-CB-C](16)+v[Ca-Cy](14) 801 | 796 | ¢[Co-Cp-H](24)+ ¢[H-CpP-C](18)+v[Cy-
+v[Cy-06](11)+ o[C=0](9) 05](10)+v[ Ca-Cy] (10)+ o[ C=0](9)

632 [ Cy=0y] (30)+»[N-H](16)+¢[Cy-Ca-Cp](9) 642 of ’EIC-:H]C()?%;OJ[CY:OY] (15)+0[Cy-Ca-Cp] (6)

+o|C=

503 | 601 | w[N-H](20)+w[Cy=Oy](16)+p[O=C-N](8)+v[CB- 602 | 601 | w[Cy=0y](21)+ w[N-H](10)+o[C=0](8)+

Cl(7)+ 9[Co-CB-C](6)+o[CB-C=0] (5) 9[O=C-N](6)+1[N-Ca](5)

525 | 513 | @[Oy=Cy-05](26)+w[C=0](18)+¢[Cy-Ob- 521 | 513 | w[C=0](23)+¢[Ca-Cy-00](11)+e[Oy=Cy-O5](10)+
Ce] (12)+¢[Ca-Cy-05](9)+¢[N-Ca-Cy] (6) 9[N-Co-Cy] (9)+9[ O=C-N](8)+¢[ Cy-O5-C¢] (7)

472 | 474 | ¢[Co-Cy=0y](22)+9[N-Ca-Cy](9)+¢[Cu-Cy- 467 | 474 | ¢[Ca-Cy=0y](20)+¢[CB-C=0](10)+¢[O5-Ce-Cn](7)
03] (9)+[ O5-Ce-Cn] (8)+o[ CB-C-N](8)+ o[ N- +@[ Oy=Cy-00](7)+¢o[N-Co-Cy] (7)+¢[Ca-Cy-Od] (6)+
Ca-CB](6)+0[CB-C=0](5) +o[CB-C-N](6)

366 @[Cn-CE-Cy] (35)+9[ 05-Ce-Cn] (20)+¢[N-Cor- 373 @[Cn-CE-Cy](19)+[06-Ce-Cn] (17)+ ¢[CB-C-N] (6)
CBI(®) +@[N-Co-CB] (5)

355 9[O=C-N] (10)+¢[ CB-C-N] (9)+¢[ Ce-Cn- 358 9[Cn-CE-C](18)+ 9[Ca-Cy=0y](10)+[N-Co-
CE](8)+¢[N-Ca-Cp](8)+¢p[ Cy-Ca-CB](8) +1[Cy- CB](9)+0[ Ce-Cn-CE](8)+9[ O=C-N](5)

03] (7)+ ¢[Ca-Cy=0y](6)+[Cn-CE-Cx](5)

321 ¢[Ce-Cn-Cg] (21)+¢[N-Ca-Cy] (19)+¢[ O5-Ce- 322 ¢[Ce-Cn-CE](24)+ ¢[O3-Ce-Cn](15)+ ¢[N-Ca-
Cnl(12) Cyl (11)+[Cy-O3-Ce] (5)

269 ¢[CB-C=0](17)+1[CB-C] (13)+ o[ N-Ca-CB](9) 307 ¢[N-Ca-Cf] (18)+t[ CB-C] (13)+¢[ CB-C-N](8)+
+o[CB-C-N](9)+ ¢[ Cy-Co-CB](8)+¢[Ca-CB- C](5) o[ CB-C=0](7)+ ¢[ Co-Cy=0v] (5)

242 1[CE-Cy] (47)+1[Cy-O5](16)+ ¢[N-Ca-Cp](8) 240 [ CE-Cy] (50)+1[ Cy-O0] (13)+1[ Ca-Cy] (8)+1[Ce-

Cnl(6)

237 ¢[N-Ca-Cf] (19)+1[Ca-Cy] (16)+1[ CE-Cy] (9)+ 217 ¢[ Ca-Cy=0y](14)+¢p[Cy-O5-C¢] (9)+9[ Ca-CB-C] (8)
9[C-N-Cu] (8)+¢[O=C-N] (7)+ o[ Ca-CB-C](6) +@[N-Co-Cy](7)+ [ Cn-CE-CY](5)

211 ¢[Co-Cy=0y] (19)+¢[ Cy-05-Ce] (11)+(53)+ 184 7[Ca-Cy] (8)+ o[ C-N-Ca] (8)+ o[ CB-C=0] (8)+
o[CB-C=0](7)+ o[ CB-C-N](7)+ o[ C-N-Ca](5)+ o[ CB-C-N](8)+¢[ Ce-Cn-C&] (7)+¢[N-Co-CB] (7)
9[Co-Cy-03](5) +1[ CB-C] (6)+0[ Cy-Ca-Cd] (6)

143 ¢[Cy-Ca-CB] (16)+1[ Ca-Cy] (7)+1[ Ce-Cn](6)+ 145 ¢[Ca-CB-C](11)+¢[ Ca-Cy-00](8)+¢[Ce-Cn-CE] (8)
9[Co-CB-C] (6)+1[CB-C] (6)+1[ Cy-O3] (5) +1[Co-Cy] (7)+o[ Cy-Ca-CBI(7)

102 1[Ce-Cn) (21)+1[Ca-Cy] (10)+ ¢[ Ca-CB-C](6)+ 97 1[Ce-Cn](29)+t[ Cy-00] (17)+1[Ca-Cy](7)
9[Cy-03-Ce] (5)

85 1[Cy-0] (17)+¢[ Cy-05-Ce] (10)+[ Ce- 86 @[Cy-06-Ce](13)+1[CB-C] (11)+¢[ 05-Ce-Cn] (9)
Cn (10)+¢[ O5-Ce-Cn] (9)+1{ Ca-CP](8) +1[N-Co] (6)+¢[ Ce-Cn-CE] (6)

80 1[N-Ca] (25)+1[CB-C] (17)+1[ Ca-CB] (9)+1[ Cy- 74 T[N-Ca](18)+1[ Ca-Cp] (18)+1[CB-C](8)
03] (7)+1[05-Ce] (5)

66 ¢[Ca-CB-C] (10)+¢[ C-N-Ca] (9)+1[ O3- Ce](9)+ 65 1[08-Ce] (19)+1[ Ca-Cy] (10)+¢[ Cy-Ca-CB](9)+
¢[Cy-05-Ce] (8)+1] Ca-Cy] (7)+1[ Cy-O5] (6)+¢[ O5-Ce- T[CB-C](9)+1[ Cy-03] (8)+1[Cn-CE](8)
881% EgW[CY-Ca-Cﬁ] )+ o[CB-C-N](5)+ 9[Co-Cy-

28 1[Ca-Cy] (18)+1[ O3-Ce] (12) +o[ Cy=0y] (10)+ 30 ¢[Cy-05-Ce] (14)+ ¢[Ca-Cy-00](12)+¢p[N-Ca-Cy](7)+
™ Cy-08](8)+ o[ Cy-O5-Ce] (6)+ ¢[N-Co-Cy] (6) o[ Cy=0y](6)+¢[Cy-Ca-C] (6)

15 9[Co-Cy-03](12)+ ¢[Cy-05-Ce] (8)+ o[ Ca-Cp- 15 7[Ca-Cy] (12)+0[ Cy=0Oy] (11)+¢[N-Ca-Cy] (7)+

Cl(7)+ o[ Cy=0y] (7)+1] Ca-CP] (7) +o[ Cy-Cu-
CBI)

1[Cy-08](7)+w[N-H](6)+1[O3-C¢] (6)+ ¢[Cy-Ca-
CpI(5)

Note: All frequencies are in wavenumbers (cm'?).
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3.3. Other Skeletal Modes

In the backbone of PANBLA, one methylene unit
is attached, which provides greater conformational
versatility to the chain of the polymer. The asymmetric,
symmetric stretch, and scissoring modes of the methylene
group of backbone (C H,) are calculated at 2899, 2859,
and 1426 cm* respectively. The above modes lie in the
samerangein PAIBLA [11] and poly (4-methyl, 1-pentene)
{PAMP1} [18]. These modes are highly localized and non-
dispersive in nature. The modes calculated at 1283, 1208,
1057, 956 and 803 cn1* at zone center are assigned to
1278, 1198, 1050, 960 and 796 cm* respectively. These
are wagging (1283 cm?), twisting (1057 cm?), and
rocking modes (956, 803 cm™) of this CH, group. The
mode at 1208 cnr* is mixed wag and twist. These lie in
the same range as observed in other systems such as
PAIBLA [11] and PAMP1 [18].

3.4. Side Chain Modes

PANBLA has a bulky side chain, which consists of
an ester group with a terminating n-butyl group. The pure
side chain modes are non-dispersive and are given in Table
3. Thethree CH, groups of side chain are anchored by O=C-O
group at one end and flexible CH, group at the other end.

The asymmetric and symmetric stretches of CH,
group are calculated at 2963 and 2923 cm* and assigned
to the observed peaks at 2967 and 2923 cm?* respectively.
The degenerate antisymmetric deformation mode of CH,
group is calculated at 1458 and 1450 cm* and assigned to
the observed peak at 1468 cr. Similar modes are observed
at 1465 o in PAIBLA [11]. The pesk observed at 1392 cm*
corresponds to the symmetric deformation mode observed
1396 cm*. The CH, rocking mode calculated at 1028 cmr
is assgned to the observed peak at 1022 cm™.

The mode calculated at 1750 cnr* (assigned at the
same value) has dominant contribution of stretching of
C =0.. The same mode appears at 1747 and 1751 cm® in
PAIBLA (hexagonal and tetragonal respectively). So it is
evident that this mode is localized in nature. The out of
plane bending of C =0, group have been calculated at
632 and 601 cm™. The zone center mode at 1105 cm*

Mahendra Singh et al.

having main contribution of v(C =0 ) of carbonyl group
is assigned to observed peak at 1108 cmr.

3.5. CH, Group Modes

The side chain of PANBLA having three CH, groups
isflanked by rigid O=C-O group at oneend and flexible CH,
group at the other end (treated free). The frequencies of the
CH, groups in side chain are compared with those observed
by applying the sdection rules (Table 7). The normal modes
for finite linear chain of CH, groups have selection rules
different from those for infinite chain. They are related to
the dispersion of corresponding normal modesininfinitechain
(polyethylene (PE) in this case) [19, 20] and corresponding
absorption/scattering occurs at phase values given by [21]
for one end fixed and the other end free:

_(2k-1)p
T 2(m+1) ®)

where m is the number of CH, groups ( three here ) and
k=1, 2, 3, 4.

These allowed values of d for a given mode would
give rise to frequencies, which fall on the corresponding
dispersion curves (PE in this case) for an infinite system.
These allowed values of d and corresponding frequencies
are shown in Figs. 6 and 7. The correlation between
frequencies obtained from dispersion curves of PE and the
corresponding modes observed in CH,, groups of PANBLA
for scissoring, waging, twisting, rocking, and C-C
stretching modes are summarized in Table 7. Except C-C
stretch, other modes are in agreement with those cal culated
from the dispersion curves of PE. Small deviations could
arise because of intra and interchain interactions of CH
groups with ester and other groups. The asymmetric and
symmetric CH, stretch modes are calculated at around 2895
and 2865 cmr’. Some modes of CH, groups show a larger
spread and the closeness of same components of the
observed wave numbers contributes to line width and
asymmetry. From Table 7 it isevident that all modes except
C—C stretch are close to the calculated values from PE
dispersion curves. Normally the presence of COO group at
one end would result in a charge distribution with higher
frequency but the calculated lower frequency indicates a
strong coupling along the side chain.

Table 5
Comparison of amide modes of PANBLA with other w-helices
PANBLA PAIBLA PBrBO PLPA
Modes d=0 d=0.5p d=0 d=0.5p d=0 d=0.5p d=0 d=0.5p
Amide A 3287 3287 3310 3310 3320 3320 3317 3317
Amidel 1644 1643 1660 1660 1640 1640 1651 1651
Amide|| 1548 1548 1550 1551 1528 1522 1542 1542
Amidell 1272 1265 1280 1286 1300 1300 1309 1309
Amide IV 668 662 579 594 613 640 700 684
AmideV 668 662 683 675 613 640 622 622
Amide VI 549 554 542 542 580 -- 556 556

Notes: 1. All frequencies are in cm™. 2. PANBLA = poly(a-n-butyl-b-L-aspartate); PAIBLA = poly(a-isobutyl-b-L-aspartate)
[11]; PBrBO = poly(Ne-p-bromobenzyl-L-ornitine) [16]; PLPA = poly(L-phenylaanine) [17]
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Table 6
Comparison of amide modes of PANBLA with PAIBLA (tetragonal and hexagonal Forms)
Modes PANBLA PAIBLA PAIBLA

(tetragonal) (hexagonal)
Amide A 3287 3310 3282
Amide | 1644 1660 1653
Amidell 1548 1551 1543
Amidelll 1272 1280 1290
AmideV 668 683 676

Note: 1. All wavenumbers are in cm®. 2. * marked wavenumbers are observed in the spectra of polyethylene.

Table 7

Comparison of CH, modes (side chain) of PANBLA with those from dispersion curves of
polyethylene (PE)

Cdculated by PANBLA
Modes sel;:;ggg:]e;&?\;n;E Freg. (calc.) Freg. (obs)
CH, asymmetric stretch 2919* 2899
2895
2889
CH, symmetric stretch 2848* 2868 2864
2867
2865
CH, scissoring 1441 1475 1468
1443 1469
1447 1456
CH, wag 1416 1393
1341 1351 1347
1272 1281 1278
1205 1208 1198
CH,twist 1282 1281 1278
1254 1241 1248
1187 1208 1198
CH,rock 1018 1011 1020
913 866 876
781 828 830
C-C gtretch 913 917 --
1043 958 960
1066 -

Notes: 1. All frequencies are in cm?. 2. PANBLA= Poly (a-n-butyl-b-L-aspartate). 3. PAIBLA = Poly (a-isobutyl-b-L-aspartate).

3.6. Mixed Modes

The modes which have contributions from both
backbone and side chain, are described as mixed modes.
These are shown in Table 4. In most of the modes below
900 cm? there is strong coupling of backbone and side
chainvibrations. The out- of-plane bending of Cy=0y group
is calculated at 601 cn* (assigned to peak at 593 cmY).
The COO in plane bending calculated at 525 cm* (d=0) is
assigned to spectral peak at 513 cn'. As d increases, the
contribution of angle bend of Cy decreases. The energy of
the above mode decreases up to d = 0.42p? and after that it
increases again. The mode calculated at 472 cm* match
well with observed peak at 474 cn*. The energy of this
mode continuously decreases with progressive value of d.

It is observed that mixed modes show more
dispersion as compared to the main chain and side chain
modes.

3.7. Characteristic Features of Dispersion
Curves

The dispersive modes below 900 cnr* are shown
in Figs. 3a, 4a and 5a. These curves provide the
information on the extent and degree of coupling between
various normal modes. Characteristic feature of dispersion
curves like repulsion and exchange of character between
various pairs of modes are observed. Pairs of modes that
repd are (668, 632 cnm?), (280, 269 cmh), (236, 225 cnY),
(210,192 cn*) and (85, 80 cmt). These occur in the
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neighborhood of d = 0.50p, d = 0.21p, d = 0.25p, d =
=0.44p, and d = 0.35p respectively. Calculations show
that these modes approach each other and PEDs of the
two modes start mixing. At a particular value of d they
exchangetheir character and then diverge. Such repulsions
occur for modes belonging to same symmetry species.
The regions of density-of-states where dw/dK® O are akin
to critical points are known as von Hove type singularities
in lattice dynamics [22].

The modes at 668 and 632 cm* come close near the
helix angle and then diverge. In the first mode the
contribution of w (N-H) and w (C=0) decreases, whilein
the second one, the contribution of w (Cy=0Oy) decreases.
The PED exchange takes place at d = 0.50p. At this value
they exchange their PEDs and respective contributions
increase up to the zone boundary. This interesting
phenomenon of exchange of character may be viewed as
the collision of the two phonons approaching each other
and exchanging their energy and then moving apart.

In mode calculated at 525 cm? (at d = 0), the
contribution of w (C=0) increases and ¢ (Oy=Cy-Od)
decreaseswith d and curve attains aminimum at d = 0.40p.
After thisd value, the energy of this mode increases. This
curve shows von-Hove type singularity.

The pair of modes at 366 and 355 cn* (at d = 0)
shows parallelism and they disperse by nearly the same
amount in the same phase. This parallelism indicates that
the speed of the two optical phonons is the same.

Inthe pair of modes at 280 and 269 cm'*, the mixing
of PEDs starts at d = 0.18p and exchange of character

730
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Fig. 3b. Density-of-states
(500-900 cm?)

Fig. 3a. Dispersion Curves
(500-900 cm?)

takes place at d = 0.25p. The upper mode at 280 cnlis
highly dispersive and it shows a dispersion of around
38 cn* at d =p.

The energy of mode at 236 cm* first decreases
and comes closer to the lower mode at 225 cm®. The
PEDsstart mixingatd=0.17p and at d = 0.20p they have
common PEDs. After this d value they start repelling.
Similarly the pair of modes at 210 and 192 cm* come
closer and at d = 0.43p mixing of PED starts. The zone
center mode at 85 and 80 crm move in parallel uptod =
0.35p and after this they repel. The energy of upper mode
increases while that of lower one decreases. The lower
frequency modes are characteristics of the 4/1 helix
chains. The two acoustic branches in the dispersion curves
are similar in shape to the dispersion of these branches in
other helical systems like PAIBLA [11-12].

3.8. Frequency Distribution Function
and Heat Capacity

The state density distribution function, which
expresses the way in which energy is distributed among
various branches of normal modes, is obtained from the
dispersion curves for isolated chain of PANBLA, and is
shown in Figs. 3b, 4b and 5b. The peaks in the frequency
distribution curves corresponding to the regions of high
density-of-states compare well with the observed
frequencies. The frequency distribution function can also
be used to cal culate the thermodynamical properties such
asheat capacity, enthalpy changes, etc. We have cal culated
the heat capacity of PANBLA in the temperature range
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50-500 K. Since no experimental data is available at
present, only predictive values are shown here (Fig 8). It
is expected that these predictive values will stimulate
experimental work on heat capacity.

In conclusion it may be mentioned that
contribution from low frequency lattice modes is bound
to make an appreciable difference in heat capacity due to
sensitivity to these modes. In order to take into account
this contribution, the dispersion curves have to be
calculated for a three dimensional unit cell. In principle
the evaluation of dispersion curves for 3D system is
possible; however it would not make the problem
intractable but also involve an enormous number of
interactions, which are difficult to visualize and quantify.
Due to these difficulties only normal mode contributions
of a single chain to heat capacity are being calculated. In
spite of several limitations involved and absence of
experimental data, this work provides good starting point
for more comprehensive studies of thermodynamical
behaviour of polymeric systems under study.
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JUHAMIKA KOJIMBAHD
MOJI(a-N-BYTHJI-b-L -ACIIAPTATY) (PANBLA)

Anomauis. Busueno noni(a-n-6ymun-b-L-acnapmam)
(PANBLA), sikuii € noxionoio Hatinony-3, i 6 sakomy aikoxcu-
KapOOHiIbHA 2pyna cmepeopeyiapHo npuconana oo b-eyeneyio y
aanyi, wo noemopioemocs. Ananoziuno noni(a-izo6ymun-b-L-
acnapmamy) (PAIBLA), docriocyeanuii nonimep, akuii iCHye 6 060X
cnipanonux opmax, a came 6 2excazonanvuiti (13/4 cnipani) i
mempazonanshiiu (M1 cnipani), 6ye oxapaxmepuzoeanuii penmaen-
ougparyiero. Bemanosneno, wjo cexcazonanvha gpopma, aka € MeHu
KpUCmaniuHoio, He Moodce Oymu OmpumaHoio 00CMAMHbO
OPIEHMOBAHOI0, A MEMPALOHANLHA — 3HAXOOUMbCA Y GLIbUL KPUC-
maniunomy cmati. Monexyisipui Mexaumiyni po3paxyurku i cepeoHso-
KBAOPAMUYHUL MemOO 36’ A3aAHUX AMOMI6 3 BUKOPUCMAHHAM
penmeen-ougparyii ceiouams npo me, wo aHmunapaerbie
yraadanns 1314 cnipaneii 3 npasocmoponnwoio (2R) cxemoro 600nesux
36’ A3Ki6 Oinbwl npudamue 01 2exkcazonanrvhoi gpopmu PANBLA.
TempazonanvHa opma cnpusie napaietbHomy posmawyaniio 41
cnipani 8i0nosiono 00 npasocmoporuboi moodeni 4R. Jocnioxcenns
[Y-0uxpoizmy makooic niomeepoicyloms HageoeHi pesyiomamu. Xoua
ounamira xonusans 06ox popm PAIBLA 6yna susuena, ons PANBLA
maxi 00CHiONCEeHHs He NPOBOOUTUCH.

B pobomi npusedeni pezyrbmamu 00CAiOHNCeHb OUHAMIKU
konusans ons PANBLA ¢ mempazonanvniti popmi (11 cnipani) 3a
00noM02010 Oucnepcii 6nacHux korusansb. Kpiv demanvrozo onucy
61ACHUX KOJIUBAHb, NOACHEHO XAPAKMEPUCMUYHI 0COOAUB0CMi
OuUCnepcitinux Kpusux 3a805Ku iHMepealviiu cumempii 6 enepeii
imnynscnozo npocmopy. I'vemuny cmany euxopucmogyeaiu Ois
PO3PAXYHKY MENI0EMHOCMI NOLIMEDY.

Kniowuoei cnoea: noni(a-n-6ymun-b-L-acnapmam),
2ycmuna cmauy, oucnepcis pomouie, menioEMHicnmby.





